We study the urban structure of the City of Detroit. Following several decades of decline, the city's current urban structure is clearly not optimal for its size, with a business district immediately surrounded by a ring of largely vacant neighborhoods. We propose a model with residential externalities that features multiple equilibria at the neighborhood level. In particular, developing a residential area requires the coordination of developers and residents, without which it may remain vacant even if its fundamentals are sound. We embed this mechanism in a quantitative spatial economics model and use it to rationalize current city allocations. We then use the model to evaluate existing strategic visions to revitalize Detroit, and to design alternative plans that rely on 'development guarantees' to yield better outcomes. The widespread e¤ects of these policies underscore the importance of using a general equilibrium framework to evaluate policy proposals.
Introduction
The City of Detroit, an iconic example of urban development associated with modern industrialization, is in disarray. Large declines in population over several decades have resulted in a city structure that is clearly ine¢ cient and that severely inhibits economic outcomes in the city. A business area that contains the headquarters of large automobile companies such as General Motors, Ford and Chrysler and that employs hundreds of thousands of people, is surrounded by nearly deserted residential areas that have been mostly abandoned or demolished. This structure violates the most basic economic principles of urban design where Owens: raymond.owens@rich.frb.org. Rossi-Hansberg: erossi@princeton.edu. Sarte: pierre.sarte@rich.frb.org. y The views expressed herein are those of the authors and do not necessarily represent the views of the Federal Reserve Bank of Richmond or the Federal Reserve System. We thank Daniel Schwam and Daniel Ober-Reynolds for outstanding research assistance and seminar participants for useful comments.
residents utilize areas close to their employers to minimize commuting costs. The incentives to revitalize these vacant areas around Detroit's central business district are not generating the needed investments and changes in the city. In this paper, we propose a quantitative economic model of the city of Detroit that can help us rationalize the current state of the city and evaluate a variety of plans and policies that have been proposed to improve its structure.
The problems of Detroit are not unique. Many cities throughout the industrialized world have experienced similar problems. The decline in manufacturing employment, and the displacement of manufacturing from urban centers, have resulted in the decline of many cities for long periods of time. As Glaeser and Gyourko (2005) argue, these declines can be protracted owing to the durability of the housing stock. Negative shocks to the industries operating in a city, or to the regional economy, lead to immediate declines in land rents but also to protracted declines in population that follow the slow depreciation of buildings and structures. However, while Detroit has demolished well over one hundred thousand housing units since the 1980's, the city has not experienced any substantial adjustment in its basic layout or structure. Thus, the slow depreciation of housing initially built before the 1930's cannot be the main culprit of its evolution.
This lack of adjustment has arguably led to an under-utilization of its urban infrastructure. The system of streets and highways built for a city three times its current size is not serving new booming industries but, as in many other rustbelt cities, is weighing on its recovery. In particular, the high cost of maintaining this large infrastructure has led to …scal problems, an under-provision of essential public services, and ultimately to bankruptcy and default (Detroit …led for chapter 9 bankruptcy in 2013).
Sectoral and local shocks that have led to these salient changes in urban landscape are not exceptional.
As new production technologies and trading possibilities lead to declines in today's booming industries, changing the comparative advantage of countries and regions, similar secular changes are to be expected in the future. Moreover, environmental changes such as climate change and coastal ‡ooding are likely going to change the productivity and residential amenities of today's cities. Dealing e¤ectively with declining cities then is an important challenge that requires careful policy design and measurement. Developing the appropriate policies to improve the structure of declining cities can generate not only gains for its residents, but could also lead to a better, and more e¢ cient, use of resources and spatial allocation of economic activity in the U.S., and the world.
A stylized look at the structure of the city of Detroit reveals a surprising pattern: a downtown area with healthy numbers of employees and employers surrounded by a ring of vacant neighborhoods. Most of these neighborhoods have been abandoned or demolished over the years, and in some of these areas, the city has stopped providing services. The main question that arises when confronted with this structure, vividly captured in Figure 1 , is: why do residential developers not move into these areas and develop residential communities where downtown workers can live?
With residential areas close to downtown, workers would clearly save on commuting and downtown Detroit would bene…t from more foot-tra¢ c and demand for retail and other services. The basis of our argument is simple and intuitive: residents do not want to be isolated in a neighborhood. They desire other residents with whom to socialize and who require the services they wish to consume. Neighborhood development then requires a large enough scale because of residential and housing externalities (as in RossiHansberg et al., 2010), one that individual residential developers are not able, or not willing, to provide on their own. Hence, neighborhoods have two equilibria, one that features a residential area with enough development and residents to make it sustainable, and one in which no investment is made and no residential activity occurs.
The issue of coordination among developers, and between developers, residents, and local governments, is explicitly recognized as a key challenge in previous studies of Detroit's ailments. Among the most comprehensive of those studies is a set of reports and proposals provided by Detroit Future City (DFC), a civic organization created in 2012 that includes planning experts, community leaders, and residents, and whose mission is to guide and help implement the revitalization of Detroit. The DFC reports repeatedly cite references to challenges in coordinating di¤erent parties as a key impediment to revitalization and development. 1 Thus, we place this coordination problem at the center of our analysis and embed it in a quantitative spatial economics framework that allows us to model the city of Detroit in detail. We then use the model to design and quantify the e¤ects of a variety of policy proposals, including di¤erent strategic visions proposed, but not quanti…ed, by DFC. The general equilibrium framework we develop for Detroit is close to the literature on quantitative spatial economics recently reviewed in Redding and Rossi-Hansberg (2016). The key addition to this literature, aside from a careful quanti…cation of an urban model for the city of Detroit, is the existence of residential externalities that lead to the coordination problem and multiplicity of neighborhood equilibria described above. This novel mechanism allows us to both rationalize current allocations in the city of Detroit and quantify the e¤ects of various policy proposals.
The policies that we assess all involve coordinating on vacant residential neighborhoods. In particular, we consider 'development guarantees'to resolve coordination challenges where the city government, or some other outside institution, guarantees a minimum investment in residential development in a neighborhood targeted for development. We then use our quantitative framework to compute the magnitude of the required guarantees that would allow a neighborhood to coordinate in the equilibrium with a positive number of residents and residential investment. If the policy is successful, the guarantee is never called upon and the policy is costless. We compute the overall e¤ect of policies addressing di¤erent areas of Detroit on a variety of outcomes in the treated and non-treated neighborhoods. In our analysis, these outcomes re ‡ect in part all general equilibrium linkages embedded in the spatial structure of Detroit. We show that carrying out the analysis in a general equilibrium framework, where locations are linked by commuting, is essential for the generated outcomes. We further use our quantitative set-up to design policies that maximize the net gains for Detroit, and compare their e¤ects with those stemming from various proposals that DFC has advocated, but not quanti…ed, as possible equilibria. Our newly designed policies can yield gains of hundreds of millions of dollars in additional land rents per year, and perform substantially better than the DFC proposals.
We carry out our analysis at the census tract level, which is the smallest unit for which commuting data can be accurately matched to other aspects of Detroit such as workplace wages, employment, residential prices and land use. 2 We collect data from a variety of sources that include bilateral census commuting data, local development and price data from assessors, local Detroit organizations focused on measuring urban blight, and Google Analytics data on actual commuting times and distances between census tracts.
The resulting dataset is quite rich and allows us to quantify the model at a high level of detail. The hope is that such a quantitative framework will inform the decision making process in Detroit and other declining cities, and transform them into cities that can host the industries of the future.
The rest of the paper is structured as follows. Section 2 provides a brief account of Detroit's recent history.
Section 3 presents the model and Section 4 describes how it is given quantitative content. Section 5 discusses the policy counterfactuals and designs of alternative policies. Section 6 concludes. Appendix A provides 2 In principle, commute data is available at the block level from the Longitudinal Employer-Household Dynamics, Origin Destination Employment Statistics (LODES) data set. However, LODES indicates that uncertainties in block coding make block analyses unreliable, see Abowd, Stephens, Vilhuber, Andersson, McKinney, Roemer, and Woodcock (2005). Moreover, as pointed out in Couture and Handbury (2016) , noise infusion to maintain con…dentiality at the block level further encourages aggregation to the tract level for accurate analysis.
additional derivations not included in the text, while an on-line appendix provides a detailed description of the data used to inform our analysis, and considers a variety of additional policy counterfactuals and alternative model assumptions.
City of Detroit
To get a sense of Detroit's evolution from world famous city to hollow shell during the past hundred years, it is useful to note that the city entered the twentieth century as mid-tier American city of about 286,000 residents. Connected to the Great Lakes through its location on the Detroit River, the city had access to waterborne shipments of iron ore from Minnesota and coal and oil from areas south. Metal related production, from smelting to machinery production arose there, among other types of production.
By 1900 automobile producers were active in Detroit, though vehicle production numbered only a few hundred units per year rising to a few thousand by mid-decade. Two developments changed the city into the center of automobile production, however. The …rst was Ford Motor Company's design of a simple, rugged automobile, the Model T. The second was Henry Ford's adoption of the assembly line for automobile production beginning in late 1913. In combination, these developments provided a viable product for the rough roads of the U.S. and technology that lowered labor costs required to assemble the Model T, making automobiles a¤ordable to the masses. The assembly line was rapidly employed by other automobile producers.
As demand for automobiles soared, Ford and other producers constructed factories that stretched a half mile or more, in some instances. To man the vast factories, Ford and other companies in Detroit needed far more labor than was available locally. To obtain enough workers, automobile producers raised wages to attract labor from the American south, Europe, the Middle East and other regions around the world (Sugrue, 2007; Sugrue, 2015) . By 1930, automobile production at Detroit's largest companies neared a peak that would not be surpassed until after World War II.
To house the workers, residential developers constructed vast tracts of single-family homes in seemingly endless blocks stretching out on the plain surrounding the existing city. Detroit's population reached nearly a half million by 1910, almost one million by 1920 and approached 1. 1920, 1930, 1940 and 1950 show that the density of blue collar manufacturing jobs remained higher in this band than in other areas of Detroit (Bogue, 2000 ; Minnesota Population Center and Ancestry.com, 2013).
As of 1950, Detroit built one of every two cars produced in the world, and the city's population topped 1.8 million. But two developments during the decade laid the foundation for a prolonged period of decline for the city. The …rst was a decision by the automobile companies to locate production plants outside of the Detroit area. Both labor unrest in Detroit and the desire to locate closer to customers have been cited as reasons for diversifying plant locations. A second was the initiation of the interstate highway system, which would bring express highways through the city beginning less than a decade later (Sugrue, 1996; Sugrue, 2007; Sugrue, 2015) .
As the 1960s arrived, Detroit saw population declines and job losses related to automobile production mount. Unemployed households increased rapidly in the band surrounding downtown that had been built prior to 1930 (Bogue, 2000; Minnesota Population Center, 2016) . Related to the ongoing job losses and diminished economic prospects, residents of the area became increasingly on edge and racial tensions became more pronounced. Tensions exploded in the summer of 1967 with …ve days of rioting and looting following a police raid on an illegal club. Over 2500 stores were burned, looted or destroyed in the episode, nearly all of them businesses located within the band of housing built before 1930. In the riots'aftermath, existing households in the area found fewer businesses to serve them (600 grocery stores were damaged or destroyed, for example) and were concerned about safety going forward. Business owners who were not insured often could not reopen their operations. Those who were insured assessed the changed environment of the area and many were not con…dent that their customers-both households and other business-would remain. The prospect of fewer customers in the area led many to not reopen in the city. With the interstate highway construction well underway by 1967, some businesses and residents chose to relocate to suburbs outside of Detroit. In the end, the perception of increased danger, lower commute costs, and a lack of coordination between residents' location plans and those of neighborhood businesses, contributed to an acceleration of the out ‡ow of businesses and residents. Home values fell and new residents entering the area had lower incomes on average.
In the decades following the riots, Detroit's landscape continued to show the scars of the riots. Vacant lots where businesses were not rebuilt were eventually joined by vacant lots where houses once stood. The spreading vacancies resulted from a cycle in which lower wages and high unemployment in the band of the city led to the inability, or unwillingness, of lower income residents to maintain some homes, lowering home values and the corresponding city tax revenues. The reductions in tax revenues were not matched by lower costs of providing city services to increasingly sparsely populated areas of Detroit, however (Scorsone, 2013) .
Over time, houses were abandoned as the value of the housing services at locations in the pre-1930 band fell further. Crime rates rose and tax revenues declined to the point that the city curtailed services to some areas of the city. Under Mayor Dave Bing, proposals to bulldoze tens of thousands of abandoned homes began in an e¤ort to reduce crime occurring in and around the vacant structures. Proposals from the mayor also suggested clearing sparsely populated areas and relocating remaining residents to more densely populated areas to concentrate the provision of city services to "viable" areas of the city (Bing, 2010) . But the relocations did not occur, and many blocks adjacent to downtown Detroit were dominated by empty lots and high vacancy rates of the remaining housing stock. House prices fell to essentially zero in some of these areas. As a result, the nation's once fourth largest city became the poster child for urban decay.
The resulting city structure is presented in Figure 3 . The …gure classi…es the census tracts in Detroit and surrounding areas as featuring full residential development, partial residential development, or no residential development (vacant). 3 It also features the number code for the census tract and the boundary of Detroit proper. The census tracts that are labeled vacant largely correspond to the neighborhoods constructed before 1930 (see Figures 2 and 3) , and form a rough half-ring outside the central business district.
The Model
We now describe a spatial framework that will allow us to describe the current state of Detroit quantitatively along various dimensions such as employment, residential population, commuting, and land prices. With this quantitative framework in hand, we will then be in a position to carry out various counterfactual exercises aimed at assessing the e¤ectiveness of di¤erent policy proposals.
Consider a city that consists of a set of J areas located on a two dimensional surface, indexed by j (or i). Space in these locations can be used for either residential or business purposes, and the amount of space designated for each use is determined by law according to the city zoning ordinance. We denote by T b j 0 the total area zoned for business land and T r j the total area of land zoned for residential purposes at location j: Actual developed residential land, T r j ; is determined in equilibrium, but T r j T r j : In the model, business land is always developed so T b j = T b j : Three types of agents live and do business in the city, namely residents, …rms, and residential developers. Individuals can move freely in and out of the city and can obtain a utility u elsewhere in the economy. If they choose to live in the city, they also decide where to live and work, and how much consumption and housing services to acquire. Firms produce a single consumption good and choose where and how much to produce of that good. Residential developers decide where to build housing units that individuals rent to live.
Firms
Firms produce the single consumption good using land and labor and a constant returns to scale technology.
Productivity in a location j is determined by a local component, A j , that determines how suitable the location is for goods production, and an agglomeration component determined by the density of employment in the area. This second component constitutes an externality that producers take as given. In particular, if L j denotes the total number of workers in location j, then l j L j =T b j denotes workers per unit of business land in the area, and productivity is given by a (l j ; j) = A j l j for > 0:
Production per unit of land in the business district of location j is then given by
Let w j denote the wage in location j. Then, the problem of …rm k is given by
where l kj denotes …rm k's choice of workers per unit of land. We assume that …rms are small and so do not internalize the local externality. Hence, …rms do not take into account the dependence of productivity on equilibrium density, l j . The representative …rm's …rst order condition is given by
Since all producers at j are identical, in equilibrium l kj = l j for all k: Hence, using a (l j ; j) = A j l j ;
; so that local labor demand at j is given by
Throughout the paper, we assume that 1 > to guarantee that local labor demand is downward sloping. Namely, the congestion force, governed by the share of land in production, (1 ) , that determines the decreasing returns to labor, is stronger than the agglomeration force, determined by the elasticity of productivity with respect to employment density, .
Firms compete for land and are willing to bid for business land at j until they make zero pro…ts. Hence, the commercial rent at j is
We assume that business land is owned by absentee landlords.
Individuals
Agents consume goods and housing at their residential location and commute to a business area where they receive a wage. Agents experience their place of residence di¤erently depending on local residential amenities.
Amenities depend on the characteristics of the neighborhood, for example its beauty or convenience, as well as on the number of other residents living in the area, R j . In addition, agents are allowed to have idiosyncratic preferences for particular residence-work combinations as in Monte et al. (2016) .
The preferences of an individual living in location j (with R j residents) and working in i, who consumes C ij goods, lives in a house that provides housing services given by H ij ; and has idiosyncratic preference for the residence-work pair ij parametrized by s ij ; is given by
Commuting costs are expressed in utility terms and given by ij 1, with jj = 1: In particular, commuting costs reduce utility except for agents that work where they live. Residential amenities at location j are given by B (R j ; j), and depend on the number of agents that decide to locate in the neighborhood: a housing externality (as in Rossi-Hansberg, et al., 2010)). We let B j (R j ; j) = R j j , so that the elasticity of amenities with respect to residents depends on the characteristics of the neighborhood. 4 Some urban neighborhoods might depend heavily on some of these externalities, while other more suburban neighborhoods might appeal less to density as an amenity. Throughout, we assume that the congestion force embedded in rising housing demand as the number of residents increases (governed by the parameter 1 ), with corresponding increasing rents, is dominated by the externality in amenities governed by j . That is, we assume that
The implication is that neighborhood demand by residents is an increasing function of its number of residents, as we show below.
Individuals have idiosyncratic preferences for residing in location j and working in location i. We assume that s is drawn from a Fréchet distribution with scale parameter speci…c to the residence-work location pair, ij > 0, and shape parameter > 0: Namely,
This random idiosyncratic component captures individual-speci…c reasons that make particular residencework locations appealing beyond those we model directly, such as wages in the place of work compared to rents in the place of residence, or the commuting costs between the two locations. The scale parameter ij in (6) determines the average idiosyncratic utility from working in i when commuting from j, and the shape parameter governs the dispersion of the idiosyncratic component of utility. 5 Conditional on living in j and working in i, the problem of a resident having drawn idiosyncratic utility component s is given by
subject to
4 Amenities depend on the number of residents because individuals enjoy the ability to interact with neighbors and join community groups, or because the number of residents a¤ects the cost of some community services or infrastructure, or discourages crime. Examples abound but their relevance varies across neighborhoods. Here, j captures, in reduced form, the heterogeneity in the elasticity of amenities with respect to the number of residents across neighborhoods. 5 Note that ij and ij are, in general, not independently identi…ed. In the application below, we use commuting cost data to determine ij , and identify the ij needed to match commuting ‡ows.
where q r j is the price of a unit of housing services at j. We normalize the price of goods in the city to one. Since we assume that transport costs for goods within the city are negligible, the price of goods in all neighborhoods is the same. Hence,
Observe that, as the notation recognizes in (8), consumption and housing choices do not depend on the realization of idiosyncratic preferences s: Thus the indirect utility function, U ij ( ) ; is simply given by
Commuting Patterns
Given that the idiosyncratic preferences of individuals are drawn from the distribution in (6), the indirect utility derived in (9) implies that
Standard manipulations then yield an expression for the expected utility of living in j, U j , as a function of the weighted sum of the utilities gained from commuting to the di¤erent business areas (raised to the ):
Namely,
where is the Gamma function.
Let ij represent the proportion of residents living in j that commute to i. Then, if R ij is the number of residents in j commuting to the business area of location i; R ij = ij R j and P J i=1 ij = 1 for j = 1; :::; J: Since agents choose freely their optimal residence-work pair,
The proportion of those living in j who commute to i for work depends on wages earned in i, net of commuting costs, relative to average net wages from commuting elsewhere (raised to the ). Note that the agglomeration e¤ects on amenities by way of R j do not a¤ect commuting patterns from j to i since all residents of j experience the same externality equally. The characteristics of j determine the number of residents, but not where they work.
The Residential Market
Condition (8) determines housing consumption for those living in j and commuting to i, H ij . Thus, average housing per resident in area j, H j ; is given by
Since T r j denotes the total number of units of "developed" residential land in location j, equilibrium in the residential market j implies that
Thus, residential land rents are such that
Residential land rents increase with the number of residents, decrease with total land developed, and increase with total expenditures by commuters living in the neighborhood, as expected. Observe that P J i=1 ij w i can alternatively be interpreted as the average wage of location j residents (where the weights are given by the proportion of residents commuting to each area i for work).
We model an open city where individuals can move in and out freely and obtain utility u elsewhere in the economy. Hence, if an area within the city has a positive number of residents, it must be the case that U j u. Using (10), as well as our assumption that j > 1 for all j; we conclude that a neighborhood is viable only if
Conditional on the amount developed residential land, T r j , commuting ‡ows, ij , and wages, w i ; the number of residents needed to make a neighborhood viable increases with u and with a uniform increase in commuting costs ij . Conditional on commuting ‡ows and wages, an increase in developed residential land, T r j ; lowers residential rents, and thus makes the need for residential amenities provided by the number of residents less stringent. Conditional on developed residential land and commuting ‡ows, a uniform increase in wages lowers the number of residents needed to make the neighborhood viable. We denote by J the number of areas that are viable. These are able to attract the required number of residents and, for these areas, (14) holds with equality. It follows that J J areas have no residents in equilibrium. We discuss multiplicity in the neighborhood equilibrium in detail below.
Residential Developers
There is a large number of small residential developers, none of whom is large enough to internalize residential externalities. Let h j denote the number of units of land developed by residential developers active in neighborhood j. Suppose further that the cost associated with developing h j units of land is given by a convex variable cost, V (h j ), that we specify as V (h j ) = V h v j for v > 1, in addition to a location speci…c …xed cost, F j > 0. Residential developers then maximize
so that, if h j > 0,
Developers enter as long as pro…ts are non-negative, so that h j > 0 if j 0, or alternatively,
Substituting for h j from the …rst-order-condition, and residential land rents in equation (13), j 0 implies
Hence, an individual developer will only invest in developing residential land if the density of residents, R j =T r j , which determines residential prices, is large enough relative to the local …xed costs, F j . These costs would typically include getting the land ready for residential development, the installation of utilities such as water services and sanitary sewer systems, the building of access roads and sidewalks if needed, as well the handling of permits and legal fees, the design of the development, etc. Condition (17) implies that the number of residents required for developers to be willing to invest in a given location is increasing in the amount of developed residential land, in equilibrium, and in the …xed costs of developing residential properties in that location. This is intuitive since developers need high enough demand to cover the …xed costs, given the increasing returns in their technology.
Equilibrium in the residential market implies that
where n j is the number of active residential developers and T r j is the upper bound on residential development in j; assumed to be dictated by zoning ordinance. Since total developed land is given by T r j = n j h j T r j , substituting from (16), we obtain that the number of active developers is given by (17) is satis…ed, and n j = 0 otherwise.
Neighborhood Residential Equilibrium
Having described the actions of agents in our economy, we are ready to discuss the determination of the number of residents, R j , and the amount of residential land, T r j ; in di¤erent neighborhoods j 2 J, given the characteristics of the city summarized by the model's parameters, the utility level u; wages fw i g J 1 , and commuting patterns, f ij g JJ 11 . The two key conditions in this respect are those that determine resident entry, (14) , and developer entry, (17) .
In viable neighborhoods, where the number of residents is positive, a neighborhood equilibrium always makes agents indi¤erent among their location choices, which implies that condition (14) holds with equality.
As discussed above, this condition implies a negative relationship between the number of residents, R j , and total developed land in the neighborhood. In Figure 4 , we illustrate this relationship using the downward sloping curve labeled "Resident Entry". Consider now developer entry. As explained above, developers enter if condition (17) is satis…ed. In a viable neighborhood, either condition (17) is satis…ed with equality, or the residential zoning constraint binds, so that T r j = T r j : Consider …rst the former case, which is depicted in Figure 4 . The relationship in (17) is a straight upward slopping line starting from the origin. The crossing between the two curves in Figure 4 determines one of the neighborhood equilibria. 7 In this case, the zoning restriction does not bind and we refer to such a neighborhood equilibrium as an area that is partially developed or semi-developed. This equilibrium is depicted by one of the red dots in Figure 4 .
The crossing between these two curves could be such that the resulting amount of developed land violates the zoning restriction. In that case, the number of residents is determined by the crossing between the zoning constraint and the resident entry condition. The developer entry condition is then satis…ed with strict inequality and developers potentially make positive pro…ts. Other developers might wish to enter the neighborhood, given the number of residents, but the amount of residential land available for development is exhausted. We refer to neighborhoods that are in this situation as fully developed areas. The equilibrium 7 The diagrams in Figure 4 above and Figure 5 below take as given wages and commuting patterns and so cannot be used alone to make certain arguments. For example, neighborhood equilibrium stability arguments, where a new resident or developer enters or leaves (as an out of equilibrium deviation), would change wages and commuting patterns and thereby shift the resident and developer entry conditions themselves.
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Developer Entry
Resident Entry is depicted as one of the red dots in Figure 5 .
Independently of whether the zoning constraint is binding or not, conditional on wages and commuting patterns, an equilibrium with developed land and positive numbers of residents always exists and is unique.
The reason is that the developer entry condition is continuous, upward slopping, linear, and starts from the origin, while the resident entry condition is continuous, downward sloping, positive, and bounded away from zero. The Intermediate Value Theorem then implies that the two curves cross, and the shape of the curves imply that they cross only once, so that a neighborhood equilibrium with positive R j and T r j exists and is unique.
In either case, however, there always exists an additional equilibrium that describes a non-viable neighborhood, speci…cally an equilibrium where R j = T r j = 0. The reason is that residential externalities are such that if R j = 0; the utility that agents derive from living in the neighborhood is also zero. That is, B j (0; j) = 0: At the same time, when R j = 0 developers supply zero developed land. Therefore, the nonviable allocation is always an equilibrium. It follows that every neighborhood in the city, independent of its fundamental characteristics, might be in an equilibrium where residents and developers coordinate and make it viable, or one in which they fail to coordinate and the neighborhood is vacant. Put another way, in order for an area to coordinate on the equilibrium with positive development, enough developers have to expect that others will also invest, and that su¢ ciently many residents will populate the neighborhood. This in turn requires that enough residents expect other residents to want to live in the developed neighborhood.
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Developer Entry
Resident Entry In the coordinated equilibrium, the fundamental characteristics of a given neighborhood ultimately determine the number of residents and amount of developed land required to remain viable. Neighborhoods with relatively good fundamentals (e.g. a low F j , or uniformly low ij ) require small numbers of residents and developed land to become or remain viable. In contrast, neighborhoods with poor fundamentals need much more coordination as the required magnitude of the external e¤ect on amenities is larger to compensate for the poor fundamentals. We now proceed to solve for the values of R j and T r j in the coordinated equilibrium for the cases of fully and partially developed areas.
The Case of Fully Developed Areas
Consider …rst the case in which T r j = T r j : We let F = fjjT r j = T r j g denote the set of all locations that end up fully developed in equilibrium. This is the case depicted in Figure 5 . Since residents can move freely across di¤erent areas of the city, condition (14) evaluated at T r j , has to hold with equality. Namely,
From equation (13), we also know that for all j 2 F ,
In these locations, since all available land for potential development is already built up, developers may earn strictly positive rents, and so condition (17) will hold with strict inequality, as depicted in Figure   5 . Furthermore, residential land rents in fully developed tracts are determined by demand for residential properties rather than the cost of developing residential housing.
The Case of Partially Developed Areas
Consider now the case of neighborhoods in which the zoning constraint is not binding, so T r j < T r j : We denote the set of these locations as S = fjjT r j < T r j g and refer to them as semi-developed or partially developed: This is the case depicted in Figure 4 . As discussed above, in this case, both (14) and (17) hold with equality. Furthermore, equations (13) and (17) may be combined to give a simple expression for (per unit) residential prices,
Thus, rents across partially developed neighborhoods vary only because of variation in the …xed costs of developing residential land.
Solving for T r j from equations (14) and (17) gives
where T r j < T r j . Hence, T r j is increases with u; and decreases with F j . Note also that a uniform increase in wages, fw i g J 1 ; that leaves commuting patterns constants per equation (11), decreases T r j if j < 1; leaves it unchanged if j = 1; and increases developed residential land if j > 1. In our quantitative application to Detroit data below, we obtain that j < 1 for virtually all neighborhoods, so that residential development, T r j , decreases with wages. 8 This …nding is natural; consider a city in which many neighborhoods are not viable because coordination has failed. Since employment opportunities are still available, equilibrium wages will tend to to be high throughout the city since residential rents in viable neighborhoods are relatively high.
The resulting lower T r j then implies that the level of coordination needed to develop neighborhoods is then lower, all else equal. This mechanism does not necessarily guarantee that coordination will be more pervasive; such an outcome would depend in part on the factors a¤ecting equilibrium selection, including the policies we discuss below. However, all else equal, any attempt to coordinate the relevant agents is likely to be less costly in such a scenario. The response of the neighborhood equilibrium to a uniform increase in wages is illustrated in Figure 6 .  � Figure 6 : Neighborhood equilibrium and a uniform increase in wages Another interesting comparative static relates to decreases in ij , particularly given the availability of a vast set of limited access highways that reduce commuting costs between Detroit's central business district and its suburbs. A decline in some ij reduces T r j . Hence, it is conceivable that these highways had the e¤ect of reducing coordination issues in the suburbs and, through general equilibrium e¤ects on wages, increasing the level of coordination needed in neighborhoods close to downtown areas. Figure 7 illustrates the change in neighborhood equilibrium resulting from changes in commuting costs.
The City Equilibrium
The above discussion determines R j and T r j given u; wages fw i g J 1 , and commuting patterns, f ij g JJ 11 . We now proceed to discuss the citywide equilibrium where wages and commuting patterns are endogenous. Since transport costs of goods are assumed to be negligible, and we have normalized the price of goods throughout the city to one, the goods market equilibrium is guaranteed by Walras'law. The only remaining market to clear is the labor market.
Equilibrium in the labor market is guaranteed when, for each business area i 2 J, labor supply is equal �  Figure 7 : Neighborhood equilibrium and an increase in commuting costs to labor demand. Labor supply in neighborhood i is the sum of the ‡ows of workers commuting from all neighborhoods, speci…cally P J j=1 ij R j : Labor demand is in turn given by …rms'choices in each location i derived in (4) . Hence, equilibrium in the labor market is guaranteed by
Labor demand on the left-hand side is decreasing in w i given our maintained assumption that 1 > .
Labor supply on the right-hand side, in contrast, is more di¢ cult to characterize since it depends on the number of developed tracts, J, which itself depends on the distribution of wages in equilibrium. In general, however, higher wages will increase labor supply by attracting more residents to the city and to nearby residential neighborhoods, and by lowering the number of residents needed to make neighborhoods viable.
We can substitute (14) with equality for the J viable neighborhoods in (24), and set R j = 0 for the remaining neighborhoods, to obtain a system of equations in w i , i = 1; :::; J, given the amount of land in business and residential uses as well as commuting patterns throughout the city. The amount of land devoted to business use is exogenous, T b i , and residential land in viable neighborhoods, T r j , is given by equation (23).
Finally, we can substitute equation (11) , that determines commuting patterns as a function of wages, for ij in equations (23) and (24). The result is a system of J equations in the J unknown wages. To the extent some subset I J of tracts does not contain any business activity, T b i = 0 and ij = 0 in those tracts, so that (24) holds trivially for i 2 I within this system of equations. The solution determines the citywide equilibrium. Appendix A provides a description of the solution and algorithm we use to compute equilibria.
A Closed City
So far we have assumed that individuals can ‡ow freely in and out of the city: an open city. In some of the exercises we present below, we wish to consider the case of a closed city whereby total population, R = P J j=1 R j , remains constant. In such a case, instead of having a …xed utility level determined in the wider economy, we let u be determined endogenously so that total population is equal to the observed total population in the city. We present several exercises with this constraint imposed in the on-line appendix.
Quantitative Application
We make use of current data on various aspects of Detroit to quantify the spatial urban framework described above. The benchmark year in our analysis is 2014. Our analysis is carried out at the census tract level, since this is the smallest spatial unit for which we can assemble an accurate and complete matching dataset. Thus an area or neighborhood in the theory above is associated with a census tract in Detroit's metropolitan area.
Our analysis covers the 297 census tracts in Detroit, as well as the surrounding adjacent metro area (Wayne County, Oakland County, and Macomb County), which includes 866 additional tracts. We exclude 12 tracts owing to missing or problematic data, and carry out the analysis on the remaining 1151 tracts. We aim to …nd values of the underlying characteristics of neighborhoods (amenities, technology, …xed costs, externalities and residential zoning) for each one of these tracts that rationalize, in our framework, the available data on Detroit. Below, we give a brief description of the various data sources that provide information on the variables of interest, and a detailed discussion of all data de…nitions and manipulations is provided in the on-line appendix.
The data on the number of residents, R j , workers, L j , and pairwise commuting patterns, ij , is available from the Longitudinal Employer-Household Dynamics (LEHD), Origin-Destination Employment Statistics (LODES). This data is broken down into di¤erent classi…cations for job types including all private and federal jobs. Wages, w j , are primarily determined using hourly wage bins provided by the LODES data set, and are also complemented with data from the ZIP Business Patterns published by the United States Our primary source for measuring commuting costs between census tracts, k ij , is Google Analytics.
In particular, the Application Programming Interface (API) for Google Maps Distance allows the user to specify one-among-many di¤erent possible travel methods between any two coordinates (or addresses), 1151 2 such pairs in our case. We consider the fastest driving route suggested by the API and do not impose any restrictions, such as avoiding major highways or tolls. Data on both time and distance take into account historical tra¢ c patterns and geography by way of existing road networks. 9 Finally, we make use of data on active building and demolition permits from Detroit's Demolition Program and Detroit's Buildings, Safety, and Environment Department. This information helps us identify the number of unique contractors in a given census tract, n j , with at least one currently active permit.
An active permit is any permit issued up until our benchmark year, 2014, and still active from that year onward.
Vacant, Partially Developed, and Fully Developed Locations
An important step in matching our model to observed allocations in the city of Detroit is to designate particular tracts as fully developed, partially developed, or empty or vacant. In particular, we need to partition the complete set of tracks, , into sets
where v denotes the set of vacant tracts. Note that this classi…cation refers only to residential development in the di¤erent tracts. In Detroit, all tracts (except for one) contain business areas with positive measured employment.
Vacant Tracts
We start by describing our methodology to select the tracts j 2 v . Our analysis relies on a key survey, known as the Motor City Mapping project (MCM), involving a collaboration of private and public entities.
This project was developed in order to label blighted and abandoned properties in Detroit for removal or revitalization. By collecting this data, the goal was to provide policy-makers and non-pro…t associations with information that would guide urban policies aimed at attracting new residents to the city. Using these thresholds, we arrive at 17.5 percent of census tracts in Detroit being associated with the residential no-development case, which closely matches the percentage of blighted parcels identi…ed by the MCM survey, (22 percent). 10 The resulting v set includes 52 tracts. These are the tracts that we identify as currently being in the non-coordinated equilibrium, or vacant in terms of residents. The location of these tracts is presented in Figure 3 in Section 2. As discussed there, these tracts are closely associated with the expansion of the city of Detroit before 1930 and form a ring just outside the business district of the city.
Fully versus Partially Developed Tracts
Of the census tracts not considered vacant, the model distinguishes between tracts that are fully developed, We do so by …tting a linear model of the determinants of the percentage of empty parcels in tracts within
Detroit proper, and then use it to estimate the percent of empty parcels in all tracts of the surrounding the suburbs. The linear speci…cation that we …t includes tract population, R j , developed residential land, T r j ; average census tract wages, and commuting costs from downtown. The model's adjusted R 2 is 0.59. Using data on these neighborhood characteristics, as well as the coe¢ cient estimates, we estimate the fraction of empty parcels in each tract in the suburbs. 11 As a benchmark, we then designate a tract where more than 2=3 of its parcels are occupied as being fully developed. Other tracts with less than 2=3 occupancy are considered only partially developed. Figure 3 in Section 2 presents the resulting selection of tracts (for 1 0 DFC, in developing a strategic framework to revitalize Detroit, assessed that 17 percent of its parcels are vacant. 1 1 We estimate ln %V acantj = !1 + !2Rj + !3T r j + !4wj + !5 1j + "j where %V acantj is the ratio of vacant parcels and parcels with unoccupied structures to the total number of parcels, and 1j denotes the distance from j to the CBD (labeled as tract 1 in our analysis). ease of presentation we leave out some of the suburban tracts). 12 As can be easily appreciated in the …gure, most of Detroit proper is designated as partially developed, while most of the suburbs as fully developed.
Parameters Values
The model features three di¤erent sets of parameters that di¤er in their dimensionality: citywide, neighborhood speci…c, and bilateral across neighborhoods. The city-wide parameters ( ; ; ; v) are matched to estimates in the literature, except for and V , that we set to match respectively the slope of the gravity equation, as in Monte et al. (2016) , and the distribution of active contractors across neighborhoods. We normalize u to 1. The neighborhood parameters (A j; F j ; j ; T r j ; T b j ) are determined so as to match four neighborhood characteristics, w j ; q r j ; R j ; T b j . Since tracts in equilibrium are either partially or fully developed, with di¤erent residential pricing implications, F j and T r j cannot both be inferred from the data for the same tract. Speci…cally, as explained below, F j and T r j j may be inferred for j 2 S and j 2 F respectively. Therefore, conditional on tract classi…cation and citywide parameters, characteristics of the city are exactly matched as equilibrium benchmark allocations, and exactly identify the neighborhood parameters.
Finally, we choose the bilateral amenity matrix, ij to match bilateral commuting patterns in the data, ij , conditional on observed commuting costs, ij .
We set the values of the city-wide parameters using standard sources in the literature. Table 1 presents the values of the …ve citywide parameters and the relevant source. We estimate two parameters either because the literature does not o¤er a clear counterpart or because the context of Detroit is somewhat unique. The …rst of these involve the parameter V , which governs the level of the variable cost of residential construction. Combining equations (19) and (13), we know that the number of residential developers in viable neighborhoods is
Given our data, for this purpose (q r j ; R j ; w i; ij ), and the parameters in Table 1 , we determine V to match the mean of the distribution describing the number of contractors with active permits in the benchmark year, 2014, across partially developed census tracts. These data are available from the Detroit Demolition Program and Buildings, Safety Engineering and Environmental Department. The resulting mean of n j in the data and model is 9:25 contractors with active permits per census tract. We can also compare the standard deviation of n j in the data and model. The standard deviation of n j in the data is 4:52 and that implied by the model is 4:51, a remarkable similarity given that we do not target this moment.
The second parameter that we estimate within the model is , which governs the elasticity of commuting ‡ows with respect to commuting costs. In particular, from equation (11) 
which, given commute costs data (distance or time), and …xed origin and destination e¤ects, i and j , allows us to estimate . We invoke standard mean independence assumptions on the error term ij ; which in this case governs the mean of the idiosyncratic bilateral amenity. Here, ij 2 [1; 1). Thus, if ij = 0, then either ij = 0 or ij ! 1.
The resulting estimates of using di¤erent measures of commuting costs are shown in Table 2 . We present results using ij measured by the straight-line distance between the centroid of i and j. This yields an estimate of of 6.57. If we rely instead on distance estimates obtained from Google Analytics, we obtain a lower estimate of given by 4:62: This measure of distance is arguably more accurate since it takes into account the road infrastructure and geography in the city of Detroit. Our estimate for using this distance measure is very similar to that obtained by Monte, et al. (2016) using commuting patterns across counties, 4:43. We also compiled data on an alternative measure of commuting costs based on all pairwise commute times between census tracts. Such estimates are arguably more pertinent within a city since they take into account road speed and average tra¢ c. 13 Using this alternative measure of commuting costs, we estimate a larger elasticity for at 8.34. This is the value that we use in our benchmark calibration.
Given , we may immediately obtain ij as the residual in equation 25. We further set T b j = T b j for all j 2 . Hence, the neighborhood speci…c parameters left to determine are (A j; F j ; j ; T r j ): Given data on residential prices, q r j , residential population, R j , wages, w i ; and commute ‡ows, ij , we recover either the Table 2 : Gravity equation estimation using di¤erent measures of commuting development …xed costs F j ; for partially developed neighborhoods, or the upper bound on land development, T r j ; for fully developed tracts. The observed allocations are informative in di¤erent ways depending on whether a tract is partially or fully developed, which allows us to recover one parameter or the other but not both, depending on the tract's current classi…cation. In particular, we can use equation (20) , in the case of fully developed tracts, to solve for T r j using information on w j ; q r j ; R j ; ij and . Alternatively, we use citywide parameters and q r j to obtain F j using equation (22) for partially developed tracts. The resulting values of F j are presented in Figure 8 and show a wide range of values. Naturally, we …nd the highest …xed costs in downtown Detroit.
To compute j , observe that equation (14) implies that
where T r j = T r j when j 2 F and T r j is given by equation (23) when j 2 S . The resulting values for j are presented in Figure 9 . These average to 0.57 across neighborhoods and do not exhibit large variations.
The minimum value is 0:446 which guarantees that j > 1 = 0:24; that is, this restriction is naturally satis…ed in our model, given observed Detroit allocations, without being explicitly imposed.
The …nal step is to choose neighborhood productivity parameters, A j ; to match the observed distribution of wages across census tracts in the benchmark equilibrium. We use the labor market clearing condition in (24) to set
given the data and parameters discussed above in addition to T b i for all j: Figure 9 presents the computed values of A j : The results are very intuitive. Productivity is high in downtown Detroit, but it declines dramatically in some of the surrounding areas. It increases again in some of the suburbs where automobile industry plants are located, such as in Dearborn, MI. 
Coordinating Vacant Residential Tracts
The quanti…cation of our theoretical model above allows us to exactly match the current con…guration of Detroit, and its surrounding counties, given the tract level data we use. Thus, we now make use of our framework to quantify the e¤ects of alternative, counterfactual, urban con…gurations of the city. We identi…ed 52 census tracts as being vacant, in the sense of being empty of residents, although we also saw that all tracts (but one) contain some measure of business activity. The model rationalizes the existence of these vacant neighborhoods as those that have failed to achieve coordination and that …nd themselves, therefore, in the neighborhood equilibrium with no residents and no residential development. In this section, we compute the value of a change to the alternative equilibrium for these neighborhoods, whereby these areas coordinate into the equilibrium with positive amounts of residential development and residents.
Most of the policies that have been advocated to revitalize the city of Detroit involve a re-con…guration of sorts, including a degree of coordination and government involvement to revitalize speci…c parts of the city. Our framework can help quantify the e¤ects and gains from these policies, and can aid in determining the set of census tracts where these policies might be most successful and valuable. There are a variety of policies that could change equilibrium selection in a neighborhood. Our model, as with many models that feature multiple equilibria, is not explicit about equilibrium selection. As with these other applications, Figure 9 : Residential externality, j , and productivity A j; in the baseline quanti…cation however, we can think about policies that can eliminate the degenerate equilibrium, in our case the zero residential development neighborhood allocation. 14 An example of such a policy are development guarantees by the government or an outside third party.
A development guarantee would credibly commit the issuer to invest a minimum amount of resources in the treated area. Such investment guarantees would imply that T r j > 0 and, therefore, can help select the neighborhood into an equilibrium that involves coordination among both residents and developers.
If the guarantee is not large enough, residential developers and residents would fail to coordinate in the neighborhood and the guarantee ends up being used (in which case the guarantor is nevertheless committed to invest in the neighborhood, a likely undesirable outcome). However, if the guarantee is large enough, so that T r j is at least as large as it would be in the equilibrium with coordination, and fully credible, developers would be willing to build and residents would be willing to live in the neighborhood. In such a case, the guarantee would not end up being used and thus the policy would be ultimately costless. In fact, development guarantees if credible need only be high enough to induce the marginal entrant to build in the neighborhood.
Put another way, in real terms, the guarantee needs to be greater than (n j 1) V h v j + F j ; where n j and h j are the values that obtain in the neighborhood equilibrium with coordination. By determining the value of T r j in the non-degenerate equilibrium (which itself depends on the con…guration of the whole city and any guarantees in place in other vacant neighborhoods), our analysis allows us to quantify the magnitude of the required guarantees for the policy to be successful, and the potential set of resources that have to be promised (and could be at risk if something fails).
In the analysis below, we present a series of counterfactuals that consider three approaches: i) we allow all 52 vacant neighborhoods to move into a coordinated equilibrium at the same time, ii) we allow each vacant neighborhood to move into a coordinated equilibrium one at a time, and iii) we allow particular tract groups to move into a coordinated equilibrium in a way that resembles the desired outcome for plans advocated by non-pro…t and other agencies to improve the city. In particular, for the latter scenarios, we make use of the various proposals that DFC, an organization of planning experts, citizens, and civic leaders, has put forward as perhaps the most well-known strategic vision for the future of Detroit. To our knowledge, our analysis is the …rst to quantify the potential bene…ts and e¤ects on allocations of these policies.
Computing Counterfactuals
To compute counterfactual scenarios, where we allow some previously vacant residential tracts to move into a coordinated equilibrium, requires that we …rst make a few choices. In particular, we need to assign neighborhood-speci…c parameters to the vacant tracts. Since all tracts contain some business activity, we already have values for productivity, A j ; and the amount of business land, T b j . We are then missing F j ; j ; and T r j : To determine F j ; and j for a given tract j 2 v , we adopt the corresponding values in its nearest partially developed census tract, obtained in Section 4. Straight-line distances are used to determine the nearest tract to a given vacant tract. To determine T r j , we make use of data on total available residential land in the tract under consideration, less business and public land as reported by the city assessor's data.
In addition to assigning values to the local parameters for vacant residential neighborhoods, we need to assign values of F j for all fully developed tracts. Indeed, in computing a counterfactual exercise, we need to account for the possibility that some previously fully-developed tracts might revert to being partially developed as a consequence of the policy. 15 Throughout the analysis, we assign the median level of F j to fully developed tracts in the city since, in the suburbs of Detroit where most tracts are fully developed (see Figure 3) , the nearest tract can be very far. Observe also that in a counterfactual exercise, partially developed tracts might conceivably become fully developed. Thus, an upper bound T r j is needed for those tracts as well, which we obtain in exactly the same way as for the vacant tracts as described in the data appendix.
The Value of Coordination in One Tract
In an open city were individuals can move in and out of the city at a given utility level u, changes to the structure of the city have by construction no e¤ect on the welfare of workers. The gains or losses that result from a change in the organization of the city can, however, be measured by other criteria. One such criterion relates to the corresponding increase or decrease in total residential rents. This change would re ‡ect any additional aggregate residential investment that the city generates following the change in policy, in addition to any change in rents in tracts where developers earn positive pro…ts. Evidently, a change in policy would also a¤ect the number of agents in the city, as well as the rents generated by business land. We can, therefore, also measure its e¤ects based on corresponding changes in population size or changes in total business rents. In fact, given that we postulate the presence of absentee landlords who own commercial land, and that these landlords are the only agents who gain from the policy (recall that workers all get u, while …nal goods …rms and developers make zero pro…ts, except in fully developed areas for the latter), increases in business land rents constitute a pure economic gain from the policy. Thus, perhaps the clearest way to measure the economic gains resulting from a given policy change is to sum the change in pro…ts earned by residential developers and the change in business rents. Below, we consider di¤erent policy proposals according to these three alternative criteria. The heterogeneity in the increase in total rents across tracts (and corresponding residential investments) is quite pronounced. The vacant tract which generates the largest increase in citywide rents, were it to be in the equilibrium with coordination, is tract 52, a small tract at the boundary with the city of Hamtramck (which is surrounded by the city of Detroit). With a move to the equilibrium with positive population and residential development, that tract alone generates an increase in citywide residential land rents of about 7.5 million dollars. This result re ‡ects in part the fact that its closest neighboring tract, tract 48 in Hamtramck, is itself a relatively prosperous and dense neighborhood with high residential prices for Detroit. In contrast, other tracts generate less than one tenth of that amount in additional city-wide residential rents. This heterogeneity points to the importance of track selection when implementing "development guarantees".
Choosing the correct neighborhoods, and the corresponding required investment guarantees, can change the policy outcomes dramatically. Figure 11 presents the total city-wide increases in population and business rents resulting from moving each of the 52 vacant tracts to a coordinated equilibrium one at a time. As with residential rents, both maps point to a wide heterogeneity of outcomes from moving a single tract to an equilibrium with residential development and population. Population in the city can increase from less than 80 residents to more than 800, while business rents would rise to between half a million and more than two and a half million. One conclusion that emerges from these …gures, however, is that the ranking of tracts in terms of the overall e¤ects of development guarantees, put into e¤ect in each tract individually, is quite similar across all three 
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Detroit Future City
Detroit This framework points to both the strengths and weaknesses of Detroit's current urban con…guration. In highlighting the signi…cant amount of vacancies near the city center that contribute to blight and declining property values, the DFC Strategic Framework in part focuses on key zones for residential development that align with a subset of the vacant census tracts in our study. In particular, DFC proposes several distinct plans for development that emphasize di¤erent criteria. In this paper, we focus on residential development 
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1,500,000 to 2,000,000 2,000,000 to 2,736,965 We carry out the DFC counterfactual by exploring an equilibrium where the 22 tracts matched to the DFC's strategic framework have switched from a no-development equilibrium to one with positive residential population. We then explore other potential con…gurations of 22 tracts that can potentially yield larger gains.
The …rst step in the analysis requires that we identify the tracts in the DFC proposal on a map of Detroit, and compare them with the individual tracts identi…ed in the previous sections as yielding the largest gains with respect to land rents and investment. Figure 12 reproduces Figure 10 but adds an outline of the tracts in the DFC proposal (left). It also shows an outline of an alternative plan where we select the 22 tracts that provide the highest increases in residential rents as each tract switches to an equilibrium with residential population individually (right). We refer to the latter plan as the 'Best 22 Residential'plan. It is evident from the maps that the two proposals overlap only in part, sharing only 11 out of 22 tracts. One of the qualitative di¤erences is that the DFC proposal focuses on developing the areas closest to the downtown core, while the Best 22 Residential plan covers some of the same areas but also areas in a wider outer ring. 750,000 to 1,500,000
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Figure 12: DFC Strategic and Best 22 Residential Plans Compared to Gains in Total Rents from Coordinating Individual Tracts
One might argue that the comparison above is not entirely complete since it does not take into account the complementarities that could result from coordinating several tracts jointly rather than one at a time.
Below, we compare the implications of these proposals when the combined e¤ects from coordinating groups of tracts jointly are taken into account. However, it is important to note that the proposal we refer to as the 'Best 22'grouping does not select the best 22 tract combination, out of all possible tract combinations, taking any complementarity e¤ect into account. Rather, we simply rank the citywide e¤ects resulting from moving each tract individually to an equilibrium with coordination as the main criterion, and then choose the 22 tracts with the largest gains. A direct implication is that the true optimal policy might di¤er slightly from our 'Best 22'calculation. Finding the best combination of tracts, out of all possible combinations of vacant tracks, constitutes a prohibitively large computational task, and we cannot guarantee that such a policy would be identical to our 'Best 22'proposal. 16 However, given that the e¤ects on residential rents of switching a vacant neighborhood to an equilibrium with positive residential population are fairly local, the di¤erence in tract sets is unlikely to be large. In any case, we more precisely consider the 'Best 22'proposal as a lower bound on what an optimal policy could potentially achieve.
We also carry out similar exercises with alternative criteria to determine the best 22 tracts. In particular,
we consider the tracts that yield the largest increases in population or aggregate business rents in a coordinated equilibrium with positive residential development and population. The resulting track selection using these alternative criteria ends up looking quite similar. Using citywide changes in population, 21 tracts end 1 6 Taking into account all possible 22 tract combinations, out of 52 vacant tracts, amounts to 52! 30! 22! counterfactual scenarios. up being selected in common with those selected according to the largest increases in residential land rents, implying that only one track di¤ers. Using changes in citywide business rents, 18 tracts are common to the selection according to citywide residential land rents, while only four tracks di¤er. Figure 13 outlines the 22 tracts that, when individually switched to an equilibrium with coordination among residents and developers, yield the largest gains in citywide population and business rents. One notable qualitative di¤erence is that the selection of 'Best 22'tracts based on implied changes in business rents focuses on coordinating only the tracts located in a relatively tight ring across the business area, leaving out those farther away from the central business district. Detroit City Boundary
Change in Business Rent
1,500,000 to 2,000,000 2,000,000 to 2,736,965 Table 3 presents some citywide statistics corresponding to the alternative policy counterfactuals. The …rst column in Table 3 presents the outcomes for the benchmark equilibrium, which matches by construction the data used to identify the model parameters in Section 4.2. The second column presents …ndings from the policy counterfactual that considers development guarantees for the 22 tracts selected in the DFC strategic plan. The next three columns present …ndings for alternative 'Best 22'tracts according to citywide business rents, residential rents, and population criteria. The …nal column presents the outcome of an exercise where all vacant tracts are allowed to switch into an equilibrium with coordination. In these exercises, apart from that in the last column, 22 tracts are always simultaneously allowed to switch from a no-development to a development equilibrium, so that the …ndings reported in Table 3 re ‡ect any complementarities between those tracks.
In all policy counterfactuals, switching tracks into an equilibrium with coordination increases residential development which attracts more residents to the city. Naturally, the proposal where tracts are selected according to the implied increases in population yields the largest increase in residents among the policies Table 3 yield very similar outcomes given that the set of selected tracts overlap signi…cantly. If all 52 tracts are allowed to switch to an equilibrium with coordination, gains can amount up to 54 million per year or 2.5 percent relative to the benchmark equilibrium. Table 4 underscores some key implications shared by all of the policy proposals. First, in all cases, the plans are worth pursuing; that is all plans yield increases in aggregate residential and business rents combined that exceed the needed development guarantees. Therefore, even if the development guarantees were implemented in a way that ultimately required the guarantors to develop the targeted areas themselves, the policies result in a gain for the city, particularly given the implied increase in business rents (the gains in residential rents in non-treated tracts are generally small). It is important to keep in mind that the hope is for the development guarantees not to be used in equilibrium since, if fully credible, they would be provided only to coordinate private investors and residents. Table 4 shows that the bene…ts from this policy, once we sum all of their implications for greater Detroit, can be quite large. Second, most of the gains in residential land rents accrue to the treated tracts while most of the gains in business land rents accrue outside of the treated tracts. In fact, about two thirds of increases in business land rents emerge outside of Detroit proper, where all of the treated tracts are located. In contrast, only about a …fth of the increases in residential land rents appear outside of the Detroit proper area. Increases in commercial land rents stem primarily from commuting links and general equilibrium e¤ects, because wages change everywhere in the broader city, so that these …ndings highlight the perils of using partial equilibrium logic to carry out this type of policy assessment. Third, increases in population are quite concentrated in treated tracts, which imply that the newly developed areas provide workers not only to downtown …rms but also to the suburbs. In that sense, the policy revitalizes the core of the city as a residential center.
Comparing the di¤erent policies presented in the columns of way, the returns to a well designed policy are potentially quite large. Observe also that the 'Best 22'plans capture about two thirds of these gains while coordinating fewer than half of the tracts. As a consequence, to the degree that development guarantees might conservatively be available only for a more limited set of policies, then targeting the treated tracts judiciously is of the essence. In particular, not all of DFC's strategic framework focuses on residential development and, in fact, suggests developing ecological zones in some of the currently vacant tracts, in particular those surrounding downtown. Our study makes clear that this strategy, while undoubtedly carrying non-pecuniary bene…ts, also entails a substantial cost.
In Detail: Coordination in all 52 Tracts
The aggregate city statistics presented above do not illustrate, by design, the heterogenous responses of particular neighborhoods to the di¤erent policies considered in the analysis thus far. In this section, we make use of the plan that treats all 52 vacant neighborhoods to illustrate and discuss some of these e¤ects across tracts.
In Figure 14 , we present the fraction of residential land that is developed in each tract after the policy is implemented. 17 The …gure shows that, even after implementation, most of Detroit proper is still only partially developed, that is T r j < T r j . In many of the areas now in a new equilibrium with coordination, Change in workplace wages As agents migrate to the city following a policy aimed at revitalizing Detroit, labor supply naturally increases which tends to depress wages. We discussed this e¤ect earlier in the context of the description of the model and its main mechanisms. As expected, the fall in wages is somewhat more pronounced close to the a¤ected areas, but the general decline in wages is fairly uniform across the city.
This general equilibrium e¤ect, which extends well outside Detroit proper, is primarily responsible for the increase in business land rents, through equation (5), described in the previous section. Figure 15 shows the resulting change in the number of workers and residents at the census tract level.
Clearly, a development-guarantee policy that is provided in each of the 52 vacant tracts raises the number of residents in essentially all tracts, although increases are naturally larger in the treated neighborhoods. The …nal maps, presented in Figure 16 , show the changes in business and residential rents by tract.
The results follow closely those discussed in Figure 15 . Tracts that gain the most workers are those where business rents increase most, and tracts that gain the most residents are those where residential rents increase most. These …ndings are natural given our speci…cation of technology and preferences with Cobb-Douglas functions that feature constant factor and consumption shares respectively. Perhaps more interesting in this case are the heterogeneity in the magnitudes of the implied changes. 30,000 to 60,000 60,000 to 100,000 > 100,000
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Conclusion
Declining cities have become and likely will continue be a pervasive phenomenon. The fact that cities tend to specialize in certain industries, and that the importance of particular industries and the characteristics of factors they employ vary over time, make this inevitable. Learning how to cope with urban downturns can lead to improved utilization of past investments, and less dissatisfaction by local residents with respect to technological progress and globalization. Cities or regions specialized in declining industries should be able to reinvent themselves to host new thriving industries, albeit perhaps on a smaller scale. So far, this process of urban reinvention has failed.
In this paper, we have argued that ine¢ ciencies associated with urban decline can be related to speci…c areas of a city, that potentially retain sound underlying fundamentals, but are nevertheless trapped in local neighborhood equilibria in which developers and residents are unable to coordinate their actions. No resident wants to be …rst to move into, and no developer wants to be …rst to invest in, a vacant neighborhood. In the case of Detroit, we identi…ed 52 census tracts that can be mapped into such an equilibrium. These tracts were originally developed before the 1930's to accommodate a rapidly growing demand for workers in the automobile industry. However, as employment fell in that industry, and some plants moved elsewhere, residential demand and income collapsed leading to riots in 1967 that eventually drove them into a nodevelopment equilibrium. The end result is a distorted, impractical, and ine¢ cient city.
It is no surprise that thriving industries do not necessarily wish to locate in such a city. The high-skilled workers required by the high-tech industry would likely not want to start their lives in vacant neighborhoods near Detroit's downtown, even if such locations are cheap relative to the available urban infrastructure. The necessary density is simply not there, so new workers and …rms do not enter.
Our analysis quanti…es the forces that sustain this outcome as an equilibrium of the city, and uses the resulting quantitative framework to assess policies that can help vacant neighborhoods switch back to an equilibrium where developers and residents coordinate into building and living in these neighborhoods. In particular, we consider development guarantees, provided by the government or outside parties, that commit to a minimum amount of investment in a targeted vacant area. If fully credible, these guarantees would resolve the coordination problem among private developers and residents, leading to a new equilibrium with positive numbers of active developers and residents. Our framework allows us to quantify the magnitude of the required guarantees in each vacant tract, and to identify the tracts in which the policy would be most e¤ective. In addition, we are able to compare our …ndings with those of alternative plans that have been advocated by experts and local residents, such as those laid out by the Detroit Future City strategic framework, and to quantify their implications. In all cases, we …nd that these guarantees can be quite e¤ective. Policies that utilize guarantees in the 22 tracts yielding the largest gains from a switch to an equilibrium with development generate increases in residential and business rents in the hundreds of millions of dollars a year. These can also attract thousands of new residents to the city.
We estimate that a large fraction of the gains stemming from any policy that develops the currently vacant residential areas would accrue to business rents outside Detroit's city boundary by way of general equilibrium e¤ects. Therefore, incorporating the appropriate stakeholders in policy design and initial investments appears to be important. In particular, our analysis underscores the existence and magnitude of mutual gains to di¤erent parties, including developers, landowners, and new residents.
In any quantitative analysis, one inevitably confronts the need to abstract from some aspects of reality that might be pertinent. One such dimension is the presence of citywide or region-wide agglomeration e¤ects. In our analysis, we consider local agglomeration e¤ects in production and amenities that are at the heart of the coordination problem we study, but these e¤ects operate only within and not across census tracts. To the degree that agglomeration e¤ects across tracts also matter quantitatively, adding this feature to our analysis would only serve to increase the gains from the advocated policies. In such a case, the gains we measure then become a conservative lower bound.
The Basic Set of Equations and Unknowns
We solve the model given a set of parameters, P, and any set of vacant tracts, v = n( F [ S ); as follows:
From equation (11), we have
Then, from equation (23), we have
and from equation (17), in equilibrium,
Residential prices are given by (1 )
Finally from equation (24), reproduced below, wages solve
In general, equations (26) through (30) make up a system of J 2 + 4J equations in the same number of unknowns, given by ij (P), T r j (P), R j (P), q r j (P) and w i (P), where J = 1151 census tracts in our application. In solving this system, we must be cognizant that the sets of fully developed locations, F , and partially developed locations, S , are themselves endogenous and determined as part of the equilibrium. Speci…cally, given that T r j (R j ; w j ; ij ; q r j ; P) = (1 )R j P J i=1 ij w i q r j ; in the lower portion of equation (27) represents an unconstrained level of development for census tract j, it must be the case that j 2 ( F if T r j (R j ; w j ; ij ; q r j ; P) T r j S if T r j (R j ; w j ; ij ; q r j ; P) < T r j :
A direct implication is that the sets of fully developed and semi-developed locations, F and S , potentially change in counterfactual scenarios relative to a given benchmark. All other equilibrium allocations follow in a straightforward manner given the vector of equilibrium wages, w j .
Solution Algorithm
This section describes the algorithm used to implement the model solution described above.
1. Guess a vector of wages, w 0 = (w 0 1 ; :::; w 0 J ) 0 .
2. Given this guess, calculate the matrix of commuting patterns,
3. Given our guess w 0 and ij (w i = w 0 i ) from step 2, from equation (23) in the text, we compute 7. At our initial guess, w 0 , any given census tract may have an excess supply of or demand for labor, X i (w i = w 0 i ) 7 0. Then, if P J i=1 jX i (w i = w 0 i )j " for some small ", we update wages in each census tract according the state of its labor market. In particular, our new guess, w 1 , satis…es
for some small positive where X = (X 1 ; :::; X J ) 0 :
8. Iterate on steps 1 through 7 until P J i=1 jX i (w i = w 0 i )j < ".
